Introduction
The photosynthetic reaction centres (RCs) from the purple bacteria are well characterized (for review see [1] ). The RC from Rps. viridis consists of four subunits: H (high), L (low) and M (medium ), so called after their apparent m olecular weights as de term ined by sodium dodecyl sulphate polyacrylamide-gel electrophoresis, and of a tightly bound cytochrome molecule [2] . The RC from Rps. viridis contains four bacteriochlorophyll b molecules, two of them forming the primary electron donor ("special pair"), two bacteriopheophytin b, one menaquinone-9 ("primary quinone" or "Q a ")> one non-hem e iron and one ubiquinone-9 ("secondary quinone" or "Qb") [3] . The RC from Rps. viridis could be crystallized [4] , The crystallographic analysis of the RC crystals provided a complete picture of pig ment arrangem ent, protein structure and the pig ment binding-sites [5] [6] [7] . The crystal structure of the Rps. viridis RC and sequence homologies suggest that the core of the RC of photosystem II (PS II) resembles very much the RC from purple bacteria [6, 8, 9] . In particular the D I protein (also called 32 kDa protein, Q B protein or herbicide binding pro tein) seems to correspond to the L subunit and the D 2 protein to the M subunit. This proposal is in agreement with the observation that the triazine h er bicides atrazine (2-chloro-4-ethylamino-6-isopropylamine-s-triazine) and terbutryn inhibit the photo synthetic electron transport in both, the RCs of p u r ple bacteria and PS II of chloroplasts. These commercially used herbicides appear to block the electron flow between Q A and Q B in both systems [10] . Furtherm ore, photoaffinity labelling using azido-atrazine leads to covalent attachm ent of the label to the D I protein in PS II and to the L subunit in the bacterial RC [11, 12] .
Since in Rps. viridis the binding site for the herbi cide terbutryn has been established by X-ray crystal lography [7] , Rps. viridis is certainly the best suited organism to understand the mechanism of herbicide resistance.
Material and Methods
Herbicide resistant mutants were obtained by photosynthetic growth of Rps. viridis DSM 133 on succinate-based medium containing 100 piM terbu tryn. The herbicide was added in a 0.1 m ethanolic stock solution after autoclaving. Starting with 50 ml inoculum photosynthetic growth was observed in in dividual 0.7 1 culture bottles in the presence of the herbicide after a few weeks at room tem perature. One single m utant clone was picked from each bottle after streaking on agar plates containing the herbi cide, which were incubated in the light at 30 °C. These single colonies were added to 10 ml media and after a few months of growth in the presence of the herbicide the streaking procedure was repeated once.
Genomic DNA was isolated by standard proce dures from 0.7 1 cultures [9] . DNA was digested us ing the restriction endonucleases £ c o R I and S a il and sitze fractionated by agarose gel electrophoresis. Fragments of 1.9 Kb size were ligated into Bluescribe M 13" vector (from: vector cloning systems, San Diego, CA). Screening was done by colony hy bridization. The 1.9 Kb E c o R l/S a ll fragment from Rps. viridis "wild type" coding for the L and most of the M subunit of the RC was labelled with [32P]dCTP by nick translation and used for hybridization at 48 °C [13] . A fter plasmid isolation, the 1.9 Kb frag m ent was cleaved using the two Pst I and Sma I sites on this fragment. Size fractionation was done as above. The M 13m p9 system was used for sequence analysis by the dideoxy m ethod of Sanger as de scribed [9] .
Results and Discussion
So far, seven independent terbutryn-resistant mu tant clones have been isolated. W hen the DNA se quence work was started, no data about herbicide or quinone binding to the isolated RC were available. However, the terbutryn binding site in the wild type Rps. viridis RC was known by X-ray crystallographic analysis in detail [7] : Only amino acid residues of the connecting loop between the fourth and fifth trans m em brane helices of the L subunit form the terbu tryn binding site. M utations leading to terbutryn re sistance were expected to be located in this region.
Therefore m orethan 50% of the L subunit genes of five m utants, coding for the entire terbutryn-binding site, were sequenced. This could conveniently be done by sequencing a 86 bp Sma I fragment and two mixed Psfl/Sraö I-fragments (114 bp and 487 bp). All observed base pair changes were located at the be ginning of the mixed 487 bp Sraal/PsrI-fragm ent.
Only two different m utants were observed: The first one showed a double mutation with changes of two base pairs (CGT to CAT and TCG to GCG) producing the substitution of two amino acids: ar ginine L217 is replaced by histidine and serine L223 by alanine. Only one base pair was altered in the second m utant (TTC to TCC), which results in a change of phenylalanine L216 to serine.
The three amino acids phenylalanine L216, ar ginine L217 and serine L223 are part of the connect ing loop between the fourth and fifth transm em brane helices of the L subunit in the Rps. viridis wild type RC. Fig. 1 reproduces the binding site of terbutryn as determ ined by X-ray crystallography [7] : a hydrogen bond is likely between the peptide-nitrogen of iso leucine L224 and N3 of the s-triazine ring system of terbutryn. A second hydrogen bond with the ethyl- amino-nitrogen of the herbicide as hydrogen bond donor and the side chain oxygen of serine L223 as acceptor can be observed.
From these data the m utation of serine L223 to alanine could be expected, because it abolishes one of the two hydrogen bonds and, therefore, must de crease the binding of terbutryn. A decrease in bind ing of this herbicide in a m utant strain from R hodobacter (R b.) sphaeroides has indeed been ob served, where resistance is caused by the change of serine L223 to proline [14] .
The replacem ent of arginine L217 by histidine was unexpected because this residue does not participate in the terbutryn binding directly. We think that this m utation is somehow able to compensate for a detri mental effect of the first m utation.
An explanation why the m utation of phenylalanine L216 to serine also causes herbicide resistance is less obvious. This mutation might lead to an increase in the polarity of one part of the terbutryn binding site. As can be seen in Fig. 1 the hydrophobic r-butyl and the thio-methyl side chains of the herbicide are close to phenylalanine L216. The correct binding to the protein at this side might be achieved by hydrophobic interactions. A serine in this region might increase the polarity and result in a decreased terbu-
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LGVSLIGYAASQGPTWDP tryn binding. If this explanation is correct this mutant might be less resistant to atrazine, which does not possess the r-butyl and thio-methyl side chains. A l ternatively, replacing the large phenylalanine side chain by a small serine side chain, and the tendency of the serine side chain to form a hydrogen bond, may lead to a change in the protein conformation, which also could cause terbutryn resistance. A dis crimination between these possibilities should be possibly by X-ray crystallography.
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Interestingly, changes of serine D 1-264 to alanine and phenylalanine D 1-255 to tyrosine were reported in triazine resistant m utants from the green algae C hlam ydom onas [15] . The amino acids sequences of the L and M subunits from Rps. viridis and the D 1 and D 2 RC subunits from spinach chloroplasts are aligned in Fig. 2 . Serine L223 and phenylalanine L216 are homologous to serine D 1-264 and phenyl alanine D 1-255. We therefore suggest that the mode of terbutryn binding in the RC of purple bacteria is the same as in the PS II RC.
